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Objectives: The aim of the present study was to determine the feasibility of retroperitoneal hysterectomy
by laparoendoscopic single-site surgery (LESS) and to suggest technical tips.
Materials and methods: This study is a prospective single-center study. One surgeon trained in minimally
invasive surgery performed LESS retroperitoneal hysterectomy on 27 consecutive patients with symp-
tomatic uterine myomas or adenomyosis between September 2012 and February 2013. LESS retroperi-
toneal hysterectomy requires an additional eight steps including development of the retroperitoneal
space, dissection of the ureter, and ligation of the uterine artery where it originates from the internal iliac
artery.
Results: LESS retroperitoneal hysterectomies were successfully performed in 23 (85.2%) patients. Of the
four failed cases, three failed to develop the retroperitoneal space because of laterally located large
myomas. Another patient with severe pelvic adhesion was converted to multiport laparoscopic vaginal
hysterectomy. Total operative and bilateral uterine ligation time by the retroperitoneal approach was 84
(67.0e95.6) minutes and 16 (12e22) minutes, respectively. The median estimated blood loss was 150
(100e350) mL. One patient required postoperative transfusion. No other operative complications
including ureteric injury were observed during the hospital stay or the 3-month follow-up period after
discharge.
Conclusion: LESS retroperitoneal hysterectomy is feasible and can be a good option.
Copyright © 2015, Taiwan Association of Obstetrics & Gynecology. Published by Elsevier Taiwan LLC. All
rights reserved.Introduction
The ﬁrst laparoscopic hysterectomy was performed in 1989 [1].
Since then, technical improvements in laparoscopic hysterectomy
over the past 20 years have enabled management of vascular
pedicles with less thermal spread. With further reﬁnements in
laparoscopic instrumentation including articulating forceps and
advanced energy devices, laparoendoscopic single-site surgery
(LESS) hysterectomy is considered to be a safe and feasible method
for managing benign gynecologic disease [2e4].
Total laparoscopic hysterectomy (TLH) including laparoscopic
vaginal vault suturing requires a longer operation time and a highs and Gynecology, Samsung
of Medicine, 81 Irwon-ro,
bstetrics & Gynecology. Publishedlevel of surgical expertise [5]. In an enlarged uterus with huge
myomas or adenomyosis, uterine vessels alongside the cervix have
an extensive, tortuous vascular supply that may compromise the
operation ﬁeld. In addition, when the uterus is shifted to the
contralateral side for uterine artery ligation, the uterine vessels are
stretched and susceptible to bleeding after vessel sealing. In LESS,
the angle of approach to uterine vessels from the umbilicus is
usually not perpendicular and the cutting edge of the vessels is
greater. Therefore, uterine artery ligation alongside the cervix can
make bleeding easier, due to tortuous, stretched, and enlarged
vessels. These limitations lead to intraoperative blood loss and
increased risk of ureteral injury during bleeding control [6e8].
Therefore, we performed retroperitoneal hysterectomy using LESS
simple hysterectomy. Retroperitoneal hysterectomy is deﬁned as
simple hysterectomy with additional steps including development
of pararectal and paravesical spaces, dissection of the ureter, and
ligation of the uterine arteries at its origin.by Elsevier Taiwan LLC. All rights reserved.
T.-H. Kim et al. / Taiwanese Journal of Obstetrics & Gynecology 54 (2015) 150e154 151Similarly, in laparoscopic myomectomy, bilateral uterine artery
ligation in the retroperitoneal space prior to myoma enucleation
may signiﬁcantly decrease intraoperative hemorrhage and elimi-
nate the need for blood transfusion [9,10].
The aim of the present study was to determine the feasibility of
retroperitoneal hysterectomy by LESS and to provide technical
recommendations.
Materials and methods
This prospective, single-center study was conducted from
September 2012 through February 2013. Twenty seven consecutive
cases of LESS retroperitoneal hysterectomy were performed by a
single surgeon (T.-J. Kim) with over 300 cases of experience in
single port laparoscopic hysterectomy at Samsung Medical Center,
Seoul, Korea. During the study, no patients were treated with
elective, conventional LESS hysterectomy; the retroperitoneal
approach was used for all patients. Patients had symptomatic
uterine myomas or adenomyosis (7 had menorrhagia; 7 had
dysmenorrhea; 3 had pelvic pressure; 4 had a palpable mass; 3 had
masses of increasing size; and 3 had other symptoms). There was
no evidence of gynecologic malignancy or inappropriate medical
status for laparoscopic surgery (American Society of Anesthesiol-
ogist Physical Status Classiﬁcation I/II).
The total operative time (OT) was deﬁned as the time inminutes
from the onset of umbilical skin incision to completion of the skin
closure. Estimated blood loss (EBL) was calculated in the anesthe-
siology unit as the difference between the volume of suction and
irrigation. A change in the hemoglobin (Hb) level was evaluated by
Hb measurement on postoperative Day 1 compared with preoper-
ative Hb. The degree of postoperative pain was assessed using a
visual analog scale (VAS) at 1 hour, 6 hours, 12 hours, and 24 hours
postoperatively; VAS scores ranged from 0 (no pain) to 10 (pain as
bad as it could be). Failure of LESS retroperitoneal hysterectomy
was deﬁned as cessation of retroperitoneal space development
prior to ligating the uterine arteries. Operative complications were
deﬁned as all intra- and postoperative complications occurring
within 90 days of surgery.
All statistical analyses were performed using SPSS version 18.0
(SPSS Inc., Chicago, IL, USA). We did not exclude any data including
failed cases for intention-to-treat analysis. The median and inter-
quartile range were used to describe data that were not normally
distributed.
Operative techniques
All patients underwent the same standard preparation prior to
surgery, including the application of prophylactic antibiotics 30
minutes prior to surgery. They were placed in the dorsal lithot-
omy position and then general anesthesia with endotracheal
intubation was achieved. After uterine sounding and cervical
dilatation, a uterine manipulator was ﬁxed onto the cervix to
easily mobilize the uterus: a RUMI® uterine manipulator equip-
ped with a Koh Colpotomizer and Colpo-Pneumo Occluder
(CooperSurgical Inc., Trumbull, CT, USA) was used. At the start of
surgery, a 2-cm vertical incision was made within the umbilicus.
The home-made port system was inserted into a wound opening
transumbilically. The port consisted of an extra-small wound
retractor (Alexis; Applied Medical Resources, Rancho Santa
Margarita, CA, USA) and a surgical glove with trocars. The three
ﬁngers of the glove functioned as a multichannel for laparoscopic
instruments and a laparoscope. We used a 5-mm 30 degree-
angled laparoscope and an articulating instrument (Roticulator;
Covidien, Norwalk, CT, USA) to avoid clashing of instruments and
to optimize range of motion. Advanced energy devices thatincluded a LigaSure (Covidien/ValleyLab, Boulder, CO, USA) and
EnSeal (Ethicon Endo-Surgery, Blue Ash, OH, USA) were used as
the main electrosurgical instruments for coagulation and tran-
section of the tissue. After the abdomen was insufﬂated to
12 mmHg with CO2 gas, the patient was put into the deep Tren-
delenburg position. The laparoscope was introduced through a
channel of the LESS system.
Retroperitoneal opening was the ﬁrst procedure. Uterine artery
ligation by the retroperitoneal approach consisted of eight steps
(Fig. 1). In Step 1, the infundibulopelvic (IP) ligament was pulled
medially keeping the peritoneum at the proper tension. The peri-
toneum was incised with monopolar devices and the broad liga-
ment was opened by separating the extraperitoneal areolar tissues.
In Step 2, the ureter was exposed at the level of the pelvic brim that
crosses the common or external iliac artery. After identifying the
ureter, Step 3 was the dissection of the ureter underneath, caudal to
the round ligament. Step 4 was the location of the internal iliac
artery. Step 5 was development of the pararectal space by dis-
secting medial to the internal iliac artery. Step 6 was development
of the paravesical space. Step 7 was skeletonization of the uterine
artery where it originates from the internal iliac artery. Step 8 was
the ligation of the uterine artery at its origin using an advanced
bipolar device.
After ligation of the uterine arteries by the retroperitoneal
approach, the remaining procedure of the surgery was the same as
conventional LESS hysterectomy. To expose the lateral side of the
uterus, the uterine body was retracted medially with a vaginal
manipulator and 5-mm endoscopic myoma screw. The fallopian
tubes, ovarian ligament, and round ligament were transected. The
anterior and posterior leaves of the broad ligament were separated.
Next, the vesicouterine peritoneal fold was identiﬁed and the
bladder was mobilized by blunt dissection using advanced energy
devices until the anterior vagina was identiﬁed. After the uterine
vessels were sealed and transected, then the cardinal and utero-
sacral ligaments were transected. A Colpo-Pneumo Occluder
balloon (CooperSurgical Inc.) was insufﬂated with 50 mL of air to
preserve an adequate amount of pneumoperitoneum prior to the
colpotomy. The cervix was circumscribed along the colpotomy cup
and, once disconnected, a uterus was delivered vaginally. Vaginal
morcellation was done for delivery of the large uterus. The vaginal
cuff was sutured vaginally or laparoscopically with a running su-
ture. Prophylactic bilateral salpingectomy was performed in all
patients. After bleeding control was done, the LESS system was
removed. The transumbilical fascia was approximated with a 2-
0 Polysorb suture (Covidien Plc, Dublin, Ireland), and the subcu-
taneous tissue was closed with a 4-0 Monosyn (B. Braun, Pﬁeffe-
wiesen, Melsungen, Germany) interrupted suture. Finally, the skin
was closed with a skin adhesive (Dermabond; Ethicon, Blue Ash,
OH, USA).
Results
Twenty seven patients underwent LESS hysterectomy by the
retroperitoneal approach during the study period. Data for all pa-
tients were analyzed and demographic ﬁndings are presented in
Table 1. There were 16 cases of uterine myomas, six of myoma/
adenomyosis, and ﬁve of adenomyosis. All patients had symptoms
related to these diagnoses including menorrhagia, dysmenorrhea,
and pelvic pressure. Themean age and bodymass index (BMI) were
45 years and 22.9 kg/m2, respectively. Twenty-three (85.2%) pa-
tients successfully underwent ligation of uterine arteries at their
origin by the retroperitoneal approach. Among the four (14.8%)
failed cases, two cases failed to develop the retroperitoneal space
because of laterally located multiple large myomas. Another case
involved a huge globular adenomyosis with a uterine weight of
Fig. 1. Eight steps of uterine ligation by the retroperitoneal approach. (A) Traction of the infundibulopelvic ligament medially and opening of an anterior leaf of the broad ligament
(Step 1). (B) Locating the ureter at the level of the pelvic brim and bifurcation of the common iliac artery (Step 2). (C) Dissecting lateral to the ureter and following it anteriorly (Step
3). (D) Locating the internal iliac artery (Step 4). (E) Development of the pararectal space (Step 5). (F) Development of the paravesical space (Step 6). (G) Skeletonizing the uterine
artery where it originates from the internal iliac artery (Step 7). (H) Ligation of the uterine artery at its origin with an advanced bipolar device (Step 8).
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space because the surgical ﬁeld was obscured by the lateral side of
the uterus. The other patient (3.7%) needed an additional 5-mm
port and was converted to conventional laparoscopic vaginal hys-
terectomy because of severe pelvic adhesion resulting fromaccompanying pelvic endometriosis. None of the patients were
converted to laparotomy.
The median of total OT, uterus weight, and EBL were 84
(67.0e95.6) minutes, 325 (153e486) g, and 150 (100e350) mL,
respectively (Table 2). The decrease in Hb levels from preoperation
Table 1
Characteristics of the study population (n ¼ 27).
LESS hysterectomy
by RPA (n ¼ 27)
Age (y) 45.2 ± 5.1
Parity 2.0 (1e2)
BMI (kg/m2) 22.9 ± 3.7
Vaginal delivery history 20 (74.1)
Abdominal surgery history 10 (37)
Uterine long axisa (cm) 9.5 ± 1.5
Uterine short axisa (cm) 6.3 ± 1.7
Indications for surgery
Menorrhagia 7 (25.9)
Dysmenorrhea 7 (25.9)
Pelvic pressure/discomfort 3 (11.1)
Palpable mass 4 (14.8)
Mass of increasing size 3 (11.1)
Other 3 (11.1)
Failure 4 (14.8)
Cessation of retroperitoneal space development 3 (11.1)
Additional port or conversion to LAVH 1 (3.7)
Additional procedures
Bilateral salpingectomy 26 (96.4)
Adnexectomy 8 (29.6)
Labium reduction 1 (3.7)
Adhesiolysis 14 (51.9)
Data are presented as n (%) or mean ± SD.
BMI ¼ body mass index; LAVH ¼ laparoscopic assisted vaginal hysterectomy;
LESS ¼ laparoendoscopic single-site surgery; RPA ¼ retroperitoneal approach.
a The diameter of the uterus was measured by transvaginal ultrasonography prior
to surgery.
Table 3
Operative time for each step of LESS hysterectomy by the RPA.
Steps OT (min) (n ¼ 23)
Umbilical incision 3 (2e4)
Adhesiolysis 1 (0e4)
Uterine arteries ligation
Right 8 (5e12)
Left 8 (5e10)
Adnexal surgery including salpingectomy
Right 2 (1e3)
Left 2 (1e3)
Opening of uterovesical peritoneum from round ligament ligation
Right 3 (2e4)
Left 3 (2e4)
Uterosacral lig. and cardinal lig. detachment
Right 3 (2e4)
Left 4 (2e5)
Vaginal cutting 7 (4e9)
Delivery of uterus 4 (2e10)
Vaginal closure
Below (vaginally, n ¼ 13) 5 (3.5e6.0)
Above (laparoscopically, n ¼ 10) 34 (28.75e40.25)
Bleeding control 4 (3e7)
Closure of wound 9 (6e10)
Total OT 84 (73.0e95.6)
Data are presented as median (interquartile range).
LESS ¼ laparoendoscopic single site surgery; lig. ¼ ligament; OT ¼ operative time;
RPA ¼ retroperitoneal approach.
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required a postoperative transfusion. The median of postoperative
hospital stay was 3 (3e4) days. The postoperative pain decreased to
VAS score 3 within 6 hours after the surgery. No other operative
complications including ureteric injury were observed during the
hospital stay.
We excluded four failed cases in the analysis of stepwise OT
(Table 3). Uterine artery ligation by the retroperitoneal approach
required an additional 8 minutes per side.
All patients were followed-up in the outpatient clinic at 1 week,
1 month, and 3 months after discharge. Neither postoperative
complications nor early port-site hernias were observed.Table 2
Surgical outcomes of LESS hysterectomy by the RPA.
LESS hysterectomy by RPA (n ¼ 27)
OT (min) 84 (67.0e95.6)
Uterine weight (g) 325.0 (153e486)
EBL (mL) 150 (100e350)
Hb change (g/dL) 1.6 (0.9e3.0)
Transfusion 1 (3.7)
Postoperative pain scorea
At 1 h 6 (3e7)
At 6 h 3 (2e3)
At 12 h 3 (2e3)
At 24 h 2 (2e3)
Time to NRS score 3 (h) 6 (1e6)
Postoperative hospital stay (d) 3 (3e4)
Operative complications
Vaginal vault problemb 0
Urinary tract problemc 0
Data are presented as n (%) or median (interquartile range).
EBL ¼ estimated blood loss; Hb ¼ hemoglobin; LESS ¼ laparoendoscopic single site
surgery; OT ¼ operative time; NRS ¼ numeric rating scale; RPA ¼ retroperitoneal
approach.
a The postoperative pain score was measured by the visual analogue scale (VAS).
b The vaginal vault problem included abscess formation, bleeding, and dehiscence.
c The urinary tract problem included bladder laceration and vesicovaginal ﬁstula.Discussion
In this initial case series, an 85.2% success rate of LESS retro-
peritoneal hysterectomy was achieved, with acceptable operating
time and similar postoperative pain compared with a previous
study [11]. Moreover, the additional eight steps enable systemic
and reproducible access to the retroperitoneal space for uterine
artery ligation and ureter dissection.
The primary differences in retroperitoneal hysterectomy were
that it provides a right angle for uterine artery ligation and sur-
geons identify the ureter traveling by development of retroperito-
neal space. In conventional LESS hysterectomy, uterine artery
ligation is performed by lateral transection of the uterine vessels.
Because the clamping angle in the umbilical approach is diagonal
across the uterine arteries while performing lateral transection,
vascular tissues are susceptible to exclusion from the pedicle. In
addition, the risk of ureteric thermal injury increases with uterine
artery transection alongside the uterus when the uterus is not
moved efﬁciently to the contralateral side. Ureteric injury was re-
ported to occur in 0.3% of 1300 laparoscopic hysterectomy cases in a
study by Leonard et al [12]. The risk of ureteric injury was shown to
be elevated, particularly in the presence of adnexal masses
adherent to the lateral pelvic sidewall, endometriosis, dense pelvic
adhesions, or uterine myomas in the broad ligament, where the
normal anatomy is distorted. Although ureteric injuries are typi-
cally cited to occur in the presence of predisposing factors, it is
imperative to note that one half of ureteric injuries in laparoscopic
hysterectomy occur during simple, uncomplicated hysterectomy
[13]. To reduce the risk of ureteric injuries, some gynecologists
routinely expose the ureter by retroperitoneal dissection to visu-
alize its course.
Ligation of the uterine artery at its origin reduces intraoperative
bleeding and operation time [14,15]. Furthermore, there is little
chance of damaging the ureter because the surgeon completely
visualizes the ureter during the operation [16]. Compared with
previous studies of LESS hysterectomy [11,17,18], a decreased ten-
dency of intraoperative bleeding was observed, and better visual-
ization of the surgical ﬁeld was obtained after retroperitoneal
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toneal hysterectomy can be summarized by decreased bleeding,
reduced time spent on bleeding control, and relived fear from the
ureteral injury.
However, LESS has some technical challenges; inline approach,
loss of triangulation, and instrument collisions. To prevent colli-
sions between instruments, we used a 5-mm 30-angled long
laparoscope and at least one articulating instrument for grasping or
traction. In addition, we used versatile energy devices that perform
dissection, coagulation, and vessel sealing consecutively without
changing the instrument.
In most cases, traction of the infundibulopelvic ligament with
articulating forceps and/or shifting the uterus to the opposite side
using a laparoscopic myoma screw was sufﬁcient to develop the
retroperitoneal space. However, in four cases (14.8%), the retro-
peritoneal approach failed to locate the uterine artery. Laterally
located myomas and a large globular uterus may hinder its
approach to the retroperitoneal space. Traction accessories such as
an internal organ retractor (B. Braun, Pﬁeffewiesen, Melsungen,
Germany) can be a helpful tool for creating surgical space by
providing additional traction force on the infundibulopelvic liga-
ment and/or the uterus from various angles.
The retroperitoneal approach by umbilical access may be a
technical challenge to some surgeons and does require time to be
experienced. However, technical difﬁculties in development of the
retroperitoneal space may be overcome with the following strate-
gies. First, traction of the IP ligament medially and superiorly pro-
vides maximal stretching of the broad ligament, and makes it
feasible to identify the ureter at the level of the pelvic brim and
bifurcation of the common iliac artery. Second, with dissection
following ureter traveling, identifying the internal iliac artery and
developing the pararectal space are keys for ﬁnding the uterine
artery. Third, the use of multifunctional, advanced energy devices
such as the LigaSure and EnSeal allow the surgeon to dissect, seal,
and cut the tissue with one device, thereby providing greater
ﬂexibility and efﬁciency when using the single-port laparoscopic
approach.
The present study evaluated the feasibility of LESS retroperito-
neal hysterectomy. In order to prove the advantages of LESS
retroperitoneal hysterectomy such as decreased intraoperative
blood loss, OT, and complications (including ureteric injury),
further studies are required to compare the perioperative outcomes
with those of conventional LESS hysterectomy.
In conclusion, LESS retroperitoneal hysterectomy is a feasible
and reproducible technique. Retrospective and prospective
studies comparing the perioperative outcomes between LESS
retroperitoneal hysterectomy and conventional LESS hysterec-
tomy are ongoing.Conﬂicts of interest
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